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0 Catheter for exteacoiirore^ treatefient 

0 A du^ itimen catheter {100) is dfsdosed for providing extracoiporeat treatment such as hemodialysis, 
which is percutaneousiy ins«ted for eith«^ short-tenm or long-term vascular access. The c^heter 
includes a main body (101) having proxima! and di^ai segments connected to a pair of damping &nt>s 
(104,105) via a mant^d (108). Hie distei segment (102) indudes two tubutte’ membtes (201,202) iat<^a% 
attat^ed to eadi otoer, one of vdiich is tokmer tean the otoer and cdiapsibte tor Inserting the catheter 
through a much smaller diametar peel-avtey sheath, Conitary to existlf^ pmcSces, the let^s of toe 
arterid and venous tubular manbers are revised such as to provide a tonger negativa pressure intake 
iumen. A hydrophilic slip coating (207) covers toe distal segment (102) to further ease toe insertion of 
the distal s^ment into the peei-away sheath. The aross-sec^onal area of toe proximai segment (103) is 
generally etiipticai shaped for providing a leak proof fit through toe vascdar acxress site, A ring^lke 
grwnmet (IIS) moveaWe along the proximal segment anchors to© catheter to the suaoonding fissue. 
The lumens ejdending throughout toe entire catheter are generally droular In natiBU and subsfantiafiy 
equ^ In cross-secttonai area to provide substantially equal Hows of inf^e and return bloctd and to 
minimfee ctotSng, The w^l thickness of toe negaSve pressure Intake member (204) is apfsoximaiely one 
and a half to three times as toidcas that of toe tin-waited positive pressure tubular waB (206) to maintain 
adequate flovre of blood witoout collapsing or stretching. 
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This invention relates to rmtitilmnen catheters. 

One prior art hemodiaiysis piain tube caOietef has 
provided good Wood flow and can be left in place in 
the externa! or interna! jugular vein for months or 
years. The flow characteristics are not ideal, but the s 
catheter appears to maintain patency bett^ than tap- 
ered tube catheters with side ports. The main problem 
wffii a plain tubs catheter is its cross-sectionai shape, 
which is similar to a doobie-barrelfad shotgun with 
squared off ends, making it unsuitable for per- 
cutaneous insertion over a wire guide, or reinsertion 
into the same site. Paet-away sheath can be used for 
percutaneous insertion of cathetem, butan 1 8 French 
sheath, requred to accommodate iarge catheters, is 
judged to be undesirable. 

Hwetofore, it has always been considered neces- 
sary for positive pressure return iumens to extend 
beyond and thus downstream of the negative press- 
ure intake iumens of a hemodiaiysis catheter. How- 
ever, dots tend to adhere to the outside wa8 of the 20 
shorter intake iumen, 

H^h efficiency dtaiysis requires the use of two 
large diameter iumens with an extern^ aoss-sec- 
donai d^ension which Is not too large for vascular 
access. One short-term catheter includes a simple ss 
doubie-D lumen configuration. The walls are thin, and 
the equal area lumens make foil use of the available 
space, but in order to keep its shape during high flow 
rate diaiysts, the catheter Is made of relatively sSff ma- 
terial which Is unsuitaWe for long-term placement If 20 
siiasb'c material is used for the intake lumen It would 
collapse under the influence of the strong negative 
intake pressure. Furthermore, the septum between 
the teo lumens is puiied into the negaflve pressure 
iumen. thereby adversely changing the ooss-seo- 3S 
tionai area in the teo lumens as well as the Wood flow 
rates therethrough. 

Temporary or short-term catheters of the double- 
D configuration are univers^iy used in lai^e numbers 
but tend to get blodted. The use of stiff material 
causes the catheter to kink or buckle when bent more 
than 160“, resulting In obsbudiort, and eradding or 
spliaing, and may be responsibie for vein peoabation 
injuries. 

Saasric catheters with toe doubie-bamdled shot- 45 
gun configuration (two cyfindrical lumens side by side) 
are remarkably resistant to kinking even when bent 
sharply through 180“. Cyfindricai iumen achieve 
maximum flow for the smallest wait surface area and 
minimum cioffing. They avoid the sharp comers inthe 
wali of the doufaie-D configuration. 

The side-by-side open-ended des'^n of the long- 
term catheter has much iess tendency to biodc, but 
has not been used as a temporary catheter since it 
cannot easBy be introduced percutaneously. The ck~ ss 
cular intake iumen of the long-term catheter is sin«- 
larly recessed bade from the distaf end of the retom 
lumen to minitrfee blood recirciBaHon. A problem with 


this is that the wail of the extended positive pressure 
return lumen provides a surface for dots to adhere. In 
an attempt to solve tiis blockage problem, the walls 
of the negative pressure intake iumen are proirided 
wito side ports. However, these side ports may actu- 
ally encourage dotting. 

The long term ca&ieter typically employs a fixed- 
position dacron cuff whitto may not be convenienfly 
positioned to stebBlze the catoeter. Rsxnova! of the 
m catheter and release of the dacron cuff requires a new 

incision and disseefion of the cuff by a surgeon. Dis- 
secting the cuff from ingrown fissue invariably leads 
to bleeding, which may be hard to control. 

Accofdlng to toe present invention there is pro- 
« vlded a catoeter as defined in datm 1 , 

When inserted In a vein, the collapsed lumen 
returns to its orl^'nal shape. 

The return lumen is thick e nough to vwthstand the 
positive pressure of the returning blood wBhout 
stretching. 

The negative pressure intake lumen is longer 
toan the posifiva pressure return lumai at the distei 
ends, and thus reduces the accumulatiorj of blood 
dots and resulting blockage with only a minimal 
increase in blood reoirculafion between the two 
iumens. 

To eikninate the seepage of blood between the 
tubular members where they penetrate the vein waii, 
toe catheter has been segregated into distal and 
proximal segments. For percutaneous inserfion, the 
di^l segment advantageously indudes the different 
totekness wails for cdiapslng the thln-waiied positive 
{ixessure return iumen about the n^ative pressure 
intake iumen and insetor^ the collapsed distal seg- 
ment through a smaller diameter introducer sheath. 
Extending proximally from toe diste segment, the 
projdmai segment has a cross-sectionai shape of a 
generally elliptical character to form a leak proof fit 
when inserted into toe vein wali, FitohOTnore, both of 
40 toa segments are fonned frcsri a biocompatibie tna- 
teriai such as elastic for long-term use and have a 
predetermined durometer for pushing toe catheter 
toraugh toe introducer sheath and Wood vessel. 

Bri^ description of toe drawings 

FIG.1 depids a catheter; 

F1G.2 depids a cross-secfional view of the distal 
segment of to e catheter of F1G.1 aiemg the line 2- 
2 ; 

FiG.3 depicts a cross-seotionaJ view of toe disfa! 
segment of toe catheter of RG.1 in a collapsed 
state and positioned in an Introducer sheath; and 
F1G.4 depicts a cross-sectional view of the 
proximal segment of the catheter of FiG.i along 
the iino 4-4. 

Dd>it^ed in FIG, 1 is a dual iumen catoet^ 1 00 tor 
use jo an extracorporeal treatment sud? as 


2 
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heinotiialysis and th© iike. This vascular access 
catheter is percctaneousiy inserted in a yood vessel, 
such as praferably the juguiar or femoral vein, for 
either short-term or iong-tenn hemodiaiysis beatmant 
of the patient The jugular access site is preferaMe to 
the suhciaviao vein because it is much iess likely to 
cause subclavian vein thrombosis. Subdavian vein 
thrombosis is a serious long-term disability for a 
patient on dialysis tf it is not diagnosed and success- 
fully treated at an early stage, because it interferes 
with A-V fistula construction in bte ipsilatera! arm, 
leading to a permanently swoltan congested arm as 
long as the fistula is firncfionlng. Intenta! jugular vein 
thrombosis is prdbably not common after internal 
joguiar cannuiatlon, but it causes no disabiiity even if is 

It occurs and is not treated, except that tee patient 
loses a poteniia! access site. 

The cateeter basically comprises a dual lumen 
main body 101 attached to a single lumen, arterial 
clamping i&nb 104 and a single lumen, vertous damp- 
ing iimb 105 via interconnecting manffoid 106, For 
Cfonnection to extracotpweai treatment equipment, 
two female tuerlodt connectors 107 and lOSarecon- 
neoted in a weiNsnown manner to arterial and venous 
dampirig limbs 104 and 105, respecfively. The main 25 
body of tee catheter indudes a distal segment 102 
and a proximal segment 103 extending proximaiiy 
teerefrom and is corr^rtssd of a fiexibie blocompatible 
material such as 70 durometer silicon or silastic. Dis- 
tal segment 102 indudes a teicfc-walled, negative so 
pressure, elongated tubular member 201 and a shor- 
ter. thin-waifed, cdiapsible, positive pressure, elon- 
gated tubular member 202 attadied laterally therete. 

The catheter further ttrdudes lockable clamps 117 
and 118 for damping artsdai and venous dampang 3S 
limbs 104 and 105, respecfively. One such damp is 
tee BETA-CAP damp, Qosina aiide damps are also 
acceptable. 

Catheter 100 also irtdudes an anchoring grom- 
met 116 having a ring-ia<e collar 111 positioned 
around and stideady moveable along proximal seg- 
ment 103. Flange 112 and 113 extend iaterallyfrom 
the coliar and have respecfive apertures 114 and 115 
foimed therein to tesert sutures therethrough. The 
grommet is posifioned orj the proximal segment 4S 
where it crosses the supraclavicular fossa. Sutores 
placed through tee apertores secure the catheter to 
tee surrounding tissue. The shape of the grommet 
permits capture of tee catheter witeout compressing 
it The smooth rounded flanges allow the grommet to se 
be pulled out with tee catheter when ft is removed. The 
anchorite sutures will tear out of the flanges and the 
only thing ieft inside the patient wi be the sutores 
themselves. 

The overall length of tee main body of tee (tethefer 
from tee manifold to tee distal tip thereof depends on 
tee insertion site selected by tee physiciao. When 
Inserted in tee right jugutarvein, tee mate body of the 


cateeter from manifold to tip is preferably 26cms in 
length vwth an 11cms distal segment. Forthelsftjugu- 
iarsite, the main body ot the cateeter is approximately 
SOoms In iengte with the disla! segment being 15oms. 
5 As suggested, the dista! segment 102 indudes a col- 
lapsible tufauiar member 202 few inserfing the distal 
segment vdth sfiffentng cannuia 103 inserted in tubu- 
lar member 201 over wire guide 110 through a 
known smaller diameter peei-away iniroducersheate 
40 (ftetshown). The introducershsath should be no more 

tean lOtsn. in length. This will allow the distal segment 
to be inserted into tee sheath with the distal tip prot- 
ruding siighay beyond the distal end of tee sheath bef- 
ore ft is peeled away. 

Member 202 is attached iaterally to member 201 
and coilapside thereon. Member 201 {FfG.2} includes 
first wail 203 surrounding first longitudind passage- 
vray 2D4 included therein. This firot iongitudinai pas- 
sageway is designated a negative pressure intake 
20 lumen for receMng blood from tee vesset of a patient 
for hemodisdysis treatment By way of example, the 
teideness of first wall 203 is approximately 0,020" with 
the cross-seeflonai dtemeter of passageway 204 
being af^ximateiy 0.080*. The distei end of lumen 
204 may be outwardly tapered to prevent dotting and 
the odiection of Wood dots thereon. TTie dimensions 
of member 201 and lumen 204 allow for biood flow 
rd:es of 350-400ml. per minute vftthout ediapsing. 

Membd* 202 indudes a second longihufinal pas- 
sageway 205 with second wa8 206 posifioned th^e- 
about. The teickness of wail 206 is approxftnateiy 
0.010" wfth iongitudinai passageway having a wees- 
sectional diameter of appnsdmately 0.080", being 
approximately equal to teat of passageway 204. in an 
uncollapsed state, tee maximum cross-sacfirmal 
dimension of dista! segment is approximately 
0.210* plus allovrancesforfabrication and slip coafing 
207, wtfich will pass through an 18 French (0.236*) 
aperture. Passageway 205 is designated the positive 
40 pressure retorn lumen for returning blood to tee ves- 
sd of tee patient. The cross-sectionai areas of pas- 
sageways 204 and 205 are substantialty equal to 
provide approximateiy equal flow rates to and from 
the patent. The distai segment aiso indudes slip coat- 
ing :^7 which acts as a iubricant to insert tee dista! 
segment terough the intnoducersheath. One such s!ft> 
coating is a siippery-when-wet hydrophilic coating 
that is commercially available from Hydresner tnoo,, 
Whitehouse, New Jersey. The sJip coaflng Is applied 
to tee outside surface of distal segment 102. This 
hydrophilic slip coafing is watted during the insertion 
procedure to provide a slippy surface for easier 
insertion terough tee peel-away introducer sheath. 
Furthermore, tee presence of Wood or other fluids in 
55 the introducer sheath further iubricates the coiiapsed 
distal segment as it is being inserted thereterough. 
This further eases the percutaneous insertion of the 
cateeter when inserting a ediapsed cateeter having 
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an 18 Fianah ancoilapsed cross-sectsonaJ dimension 
through a 12 French infiroducer sheath. Another iuij- 
ricious slip coating is Dow Coming medical-grade siii- 
cone fluid spray, applied by the physician }ust prior to 
percutaneous inBertion of the catheter. 

Experimentaiiy, a 30cms thin-waiied, posftive 
pressure member of a 70 durometer silicon material 
catheter was able to toierats a blood flow of SOQmis 
per minute and a negative pressure of 30Qmm/Hg 
vrithout collapsing when flows were revemad, arrd it lo 
was used as a negative pressure lumen, in ciinicat 
practice, the ability to reverse toe flows is important if 
on occasion the thidc-walied lumen fails to provide 
adequate outflow. The di^ysis treatoient community 
has been demanding these flow rates, but until now 
has not been provided with catheters to provide toese 
flow rates. Experiments indicate that blood flowrates 
of 400m!s per minute are attainabie with arteriaf and 
venous pressure bareiy exceeding 200mms of mer- 
coiy. 

The ctoss-secfiona! shape of the passageways 
are also preterabiy drcoiar to maintain maximum 
laminar fluid flow for a given wafi surface area. The 
intooductlon of a smaller radius into toe cnxss-sec- 
tionai shape of the passageway typically provides 
opportunities for the blood flow to become torbulent 
and increases the risk of dotting. 

A numbd" of compeflng factors are involved with 
the dimensions associated with the wall thicknesses 
and lumen diameters. The tubuiar members must be so 
thin and flexible enough for insertion Into toe vascular 
system withoutkinkingwcoitapsing in operation, Wai! 

203 must be thick enough to withstand the negative 
pressures inwardiy exerted thereon by modem 
hemodialysis machines without collapstng during 
intake of biood from the patient. Thinner, positive 
pre^ure lumen wall206 must be thick enough tovwth- 
stend the posfttve pressures outwardly exerted the- 
reon without sketching. The diameter of the 
passagevra^ should be as large as possible to pro- 40 
vide adequate flow rates as demanded by 
hemodiatysis. Lastly, the maximum cross-sectiona! 
dsnension of toe catheter most be minimat for per- 
cutaneous insertion into the blood vessel such as 
through a 12 French (0,158") peei-avray infroducer 
sheath. As a result, the thickness of wall 203 is pref- 
erably twice as thick as that of wall 206. Furthermore, 
the thickness of wall 203 may range from one and a 
haifto three times as toid< as that of positive pressure 
lumen wail 202, 

This thin wal! conshuctlon permits the collapse of 
member 202 about member 201 as depicted inFIG,3. 
in the coilapsed state, toe catheter typically having a 
maximum cross-sectiona! ditTvension of 18 Frendi 
can be percutaneousiy ins^ed with sttfrening can- 
nuia 109 over wire guide 110 into a blood vessel 
through a mucto smaller 12 French diameter peel- 
away introducer sheath 301, 


The cross-sectiona! shape 40l (F1G.4) of toe 
proximal segment is formed to provide a tight fit be- 
tweerr the main catheter ixfoy and the vascular 
access insertion sits. Preferabiy, the cross-sectional 
s shape is ellipflcai to prevent the seepage of t^ocd 
from the vascular access site along toe outside sur- 
fece of the ftfcximal segment of the main catheter 
body, Respecflve negative and positive pressure 
lumens 204 and 205 extend entirely through prcxfmal 
segment 103. 

To insert toe dual lumen catoeter u^'ng the wei- 
known Seldinger technique, awire guide 1 10 is inser- 
ted through an introducer needle into the accessed 
vein. The introducer needle is removed, and a 12 
IS French sheath mounted on a dSator is direofly inser- 
ted over the guldewire into the vein. Stiffening cannula 
103 is inserted through toe negative pressure iumerr 
of toe arterial damping iimb 104, proximal segment 
103, and out toe distal tip end of distal segment 102. 
la The catheter and stiffening cannula are inserted over 
wire guide 110 and toraugh the peel-away sheath wito 
the toin-walied tubular member 202 cdlapsed. The 
peel-away sheath is removed after the distal segment 
is inserted through toe sheath into toe vein. Ashcsi 
2S distal portion of toe eiiipbcaity shaped proximal seg- 
ment 103 is then inserted through toe venous access 
atte into toe vein, thi^'eby establishing a relativdy tight 
and leak-proof seal. 

Grommet 116 Is mounted onto the cathet®- by 
pasa'ng it over toe distal tip, after the catheter has 
been putted up through the subcutaneous turmel and 
beflare the catheter is inserted toroughthesheatointo 
the vein. Grorrmet 118 slides toe distal segment and 
a length of proximal segment 103 and is ^rfaced 
35 sfrafegic^ly In toe supradavicuiar fossa arid 
anchored to the subcutaneous tissue before the sup- 
raciaviailaf wound is dosed. Final position of the 
grommet wilt vary in each patient according to how 
much length of toe catoeter is dedred in the blood 
vessel- 

To change toe rrethster, it will only be necessary 
to re-open toe supradavicuiar indsion and remove 
the subcutaneous sSk sutures which are anchoring 
the grommet in place. To remove toe catheter wfttoot 
45 intending to replace it with another one in that same 
track, the catheter is subjected to a steady pull. This 
will tear toe sutures out of the flanges of toe grommet, 
A number of alternative grommets may be slid 
over Of attached to the proximal segmeotof the catoe- 
50 ter for anchoring the catiieter to sunrounding tissue. 
The catheter may also indude any number of other 
connectors or damping devices for use with the arte- 
rial and venous damping limbs. Furthermore, the 
shape of toe lumens may be varied to an elllpticaS or 
® even crescent shape; however, the radii of lumen 
shapes need to be maximized to prevent or minimize 
turbulent blood flow and the possibility of dotting. 
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Claims 

1. A catheter for extracorporeal treatment, said 
catheter comprjsipg first (201) and second (202) 
elongated members, the first elongated member s 
having a first longitudinal passageway (204) the- 
rein and a first wait (203) about said first passage- 
way, said first wail having a first predetermined 
thickness; characterised in that the second elon- 
gated member is attached to and ooiiapsibie on i& 
said first member and has a second longitudinal 
passageway (205) therein and a second wall 
(206) having a second predetermined thickness 
about said second passageway, said fkst waii 
thickness being greater than said second waii is 
thickness, 

2. The oatheterof daim 1. characterised in thatsaid 
first wail thickness is at least one and a halftimes 
as thick as said second wail thickness. 

3. The catheter of daim 1 , charaotwised in tiat said 
first wall toickness is up to three fimes as *ick as 
said second wail fiikskness. 

4. Tha catheter of daim 1,2 or 3, characterised in 
that the first and second passageways are of gen- 
erally circular cross section, 

5. The catheter of daim 4, characterised in that the 
passageways are of approdmately egua! area, 

6. The catheter of any one preceding daim, diarac- 
tenscd in fitat the first passageway ctsnprises a 
negative pressure intake lumen end the second 
passageway oomfslses a positive pressure 
return lumen, and in that said first and second 
metr^ers are respecfive first and second pre- 
determined iengfiis, said first member being 
longer than said second member at distal ends 
thereof. 

7. The catheter of any one preceding daim. forther 
characterised by a slip coaling about a distai end 
of said first and second members. 

5. The catheter of any one preceding daim, charac- 
terised in that the said first and second members 
form partof a first elongated segment <102), and 
a second elongated segment (103) extending 
proximaiiy from said first segment and having 
said first and second iongHudinai passagsways 
extending therein. 


1 0. The catheter of daim S, dtaracterised in that said 
first predetermined shape fe generally elliptical. 

11. The calheter of daim 8,9 or 10, further character- 
ised by a collar positionable about said second 
segment and having a flange securabte to tissue. 

12. The catheter of daim 8,9, 1 0 or 1 1 , characterised 
in that the distal end of said first passageway is 
iapered. 

13. The catheter of any one of claims 8 to 12, charac- 
terised in that said first and second si^mente 
comprise a faiocompatibie material having a pre- 
determined duromefer, 

14. A cdfapsibla doai-iuman hemodialysis cateeter 
for percutaneous insertion through a smaller 
diameter introducer sheath, comprising: an el on- 
es gated distai segment having a negative ;»'essure 

intake lumen and a positive pressure return 
iumen extending longitudinaiiy therein, said 
lumens having substantially equivalent cross- 
sactionai oiroular areas and first and second 
25 wails, said first watt posiUoned about said intake 
fumen and having a first predetermined thickness 
and a first predetermined length, said second wall 
positioned about said return lumen arrd having a 
second pradetennined thickness and a second 
so predetermined length, said first thickness being 
approtomateiy twice as th ick as said second thidc- 
ness, said first wall beirtg a pradeteriTHned dist- 
ance icmger than said second wall at a distal end 
of said distai segment, said distal segment in a 
$s collapsed state having said second wail and said 
return lumen being collapsed about said firet wall 
and said intake iumen and having a maximum 
cross-sectional dimension teas tean said smaller 
diameter introducer sheath, said distal segment 
40 also having a slip coating thereon; an eiongated 
proximal segment extending proximallyfrom said 
distal segment and hawng a generally elliptical 
cross-sectionai shape, said lumens extending 
longitudinally terough said proxirnai segment; 
4S and a moveabie coiiar positior;ed about said 
proximal segment and having a flange with a sut- 
ure hold dier^n. 


58 


The catheter of daim 8, characterised in that said 
second segment has a first predetermined cross- 
see^nal shape. 
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